The mannose-resistant hemagglutinins of Escherichia coli are a heterogeneous group of protein surface structures, some of which are implicated in virulence by virtue of their ability to adhere specifically to particular host epithelia (3, 4, 16) . They may be encoded by plasmid or chromosomal genes, and they appear as fimbrial structures up to 2 Fm long and ranging in diameter from 7 nm to fine fibrils less than 2 nm across (16) . We recently cloned the genetic determinants of the mannose-resistant hemagglutinin of a strain of E. coli designated 469-3 (021:H-) which was isolated from a case of severe infantile enteritis (8) . Although we had initially described the agglutinin as nonfimbrial (11, 21) , the combination of molecular cloning with improved preparative techniques for ultrastructural studies allowed the identification of fine fibrils which promoted bacterial adherence specifically to human erythrocytes and to the brush borders of human colonocytes prepared from biopsy material (8) . It is not clear how truly nonfimbrial structures could in fact overcome the various physicochemical barriers between bacteria and target epithelial cells to promote adherence, and it is possible therefore that similar approaches may reveal such fibrillar structures for other agglutinins described as nonfimbrial or afimbrial in the absence of electron microscopic evidence of their structure (6, 12, 20) .
Despite such obvious diversity, however, these structures have certain common features apart from their ability to agglutinate blood of particular animal species in the presence of mannose (3, 4) . Of particular interest is that they can be distinguished as a group from type 1 fimbriae associated with mannose-sensitive hemagglutination in that they show optimal expression on solid medium at 37°C, but virtual absence of expression at 18 to 20°C (4 (8) and transposon mutagenesis (unpublished data) indicated that this fragment contains sequences required for expression of fimbriae. As an internal control for random variations in recovery and dispensing of RNA preparations, levels of lacZ mRNA were also probed using a 3-kilobase PstI-generated fragment of plasmid pMC1871 (2) which comprises all but the first seven codons of the E. coli lacZ gene. Since 3-galactosidase activity in isopropyl-p3-D-thiogalactopyranoside-induced cultures was found by standard enzyme assays to be the same at both growth temperatures for all strains used, consistent levels of induced lacZ mRNA in all RNA preparations were used to standardize measurements of hemagglutinin-specific transcripts (17) .
At 37°C the level of hemagglutinin-specific mRNA expressed by plasmid pLG161 was about 10-fold higher than that in the parent strain (Table 1) , presumably due to higher gene dosage with the multicopy plasmid. This correlated with an approximately fivefold enhancement in hemagglutinating activity of a total culture of strain HB101 (pLG161) compared with strain 469-3 ( Table 1 ). Most of the activity of total cultures, however, was cell free; the hemagglutination titer of the cellular fractions was similar for each strain, a reflection of the fact that only a small proportion of cells in a culture (20 to 30%) express fimbriae at any particular time (8, 11 approximately 10-fold greater than that released from cells of the parent strain.
In strain 469-3, RNA homologous with the hemagglutinin probe was present at only very low levels in preparations from cultures grown at 18°C ( Table 1 ), indicating that temperature dependence of hemagglutination results from transcriptional regulation and implying that the lack of activity at 18°C is not due to some posttranscriptional defect, perhaps in assembly or integrity of fimbriae, arising from altered membrane properties at the lower temperature. Similar results were obtained with RNA preparations from another enteritis isolate of E. coli (strain 444-3, serotype O?:H4) which produces an immunologically different hemagglutinin (21) , but possesses nucleotide sequences at least partially homologous with the 469-3 derived probe (8) . When 18°C cultures of strain 469-3 were shifted to 37°C, no increase in either hemagglutinating activity or hemagglutinin-specific mRNA levels was observed after one mass doubling, indicating that transcription was slow to initiate after a shift to the permissive termperature. Even after three generations at 37°C, levels of activity were significantly lower than those achieved during continuous growth at the higher temperature (Table 1) . Transcriptional regulation of hemagglutinin expression was also observed in a strain harboring the recombinant plasmid pLG161; specific transcripts made by hemagglutinating cells grown at 37°C were not detectable at 18°C, when fimbriae were absent. Thus plasmid pLG161 carries sequences essential for modulating transcription of the hemagglutinin genes in response to environmental temperature, and the organization of these regulatory sites is therefore amenable to molecular genetic analysis in the recombinant plasmid.
Temperature dependence is a feature of a number of traits associated with the virulence of several bacterial species. Indeed, it is quite reasonable to speculate that the expression of mechanisms for host-specific interaction and damage outside the controlled temperature of the mammalian or avian body is wasteful of energy and resources and therefore selectively disadvantageous. For the capsular polysaccharide antigen Kl, frequently associated with E. coli isolated from neonatal meningitis and human upper urinary tract infections (10, 14) , it was proposed that lack of expression at low temperatures results from gross changes in membrane fluidity (15) that may affect not only the synthesis and assembly of complex proteins and lipopolysaccharides, but also their incorporation into, or passage through, the bacterial outer membrane (1) . Reduced synthesis of the plasmidencoded fimbrial protein antigen K99 of enterotoxigenic E. coli isolates from domestic animals may also result from membrane alterations at low growth temperatures, for instance in sites affecting subunit polypeptide synthesis (9) or in the availability of specific transport or assembly proteins (19) . On the other hand, thermoregulation of the expression of virulence genes in Shigella species is implicated in the synthesis of specific membrane proteins required for adherence to human epithelia as a preliminary stage in invasion (13) . Furthermore, in the case of the proteinaceous P fimbriae of uropathogenic E. coli, transcriptional regulation of a cloned fimbrial subunit gene (papA) is indicated by temperature dependence of 3-galactosidase activity specified by papA-lacZ fusions (7) .
In this paper we report direct evidence from measurements of specific mRNA levels that growth temperaturedependent modulation of transcription is also involved in the expression of the fibrillar hemagglutinins of two E. coli strains isolated from infantile enteritis. Our approach was a simple, sensitive, and generally applicable dot-blot hybridization method in which mRNA levels corresponding to an easily assayed enzyme, in this case 3-galactosidase, are determined independently as an internal standard in all RNA preparations. As described here, the technique is not really appropriate for kinetic experiments as detailed as those possible with lacZ fusions. However, analysis of samples taken after a temperature shift from 18 
